Measurement of the rate of thrombin production in human plasma in contact with different materials.
Thrombin production in plasma in contact with various materials was consistent with a first-order autocatalytic model (d[T]/dt = kp[T]; [T] = thrombin concentration, t = time, kp = thrombin production rate constant) since the initial portion of a semilogarithmic plot of thrombin concentration against time was linear. Thrombin concentration was measured in clotting plasma (phospholipid enhanced or platelet-rich plasma) using a fluorogenic substrate (BMCA) by aliquot sampling at various intervals or more conveniently by monitoring cumulative fluorescence. The latter was generated by the action, on BMCA incubated in the clotting plasma, of the thrombin as it was generated. The thrombin concentration was determined from the first derivative of the S-shaped cumulative fluorescence curve. kp was greater for glass (7.92 x 10(-3) cm/s) than for the other materials (polypropylene, polystyrene, polyethylene and PVA; kp approximately 3.1 x 10(-3) cm/s) in plasma with cephalin without flow. A kp for heparin-PVA could not be determined since the thrombin concentration was too low to be quantified. A larger difference between polyethylene and PVA was noted with platelet-rich plasma without flow while lower values (1.0 x 10(-3) cm/s) were noted in a flow system but at a higher surface to volume ratio. The first-order rate constant can be used in simple models relating production of thrombin at a wall of a tube to its mass transfer away from the wall in flowing blood. One such model predicts that the concentration of thrombin at the wall should become infinite at the point in the tube when the mass transfer coefficient equals kp. According to this model, kp on the order of 10(-4) cm/s would be a useful target for a nonthrombogenic material.